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Outline

• Scientific questions

• Major scientific discoveries since 2007

• Compelling and unique science to be done in 
the next 5 years and through 2020

• Recommendations



Scientific Questions

LRP 2007

Neutrino mass and hierarchy, 
lepton mixing, evolution of 
astrophysical structures...

CP violation, Baryon number 
violation (EW baryogenesis, 
leptogenesis)...

SM masses, couplings, 
structure of interactions, 
completeness and extensions...

Scientific AmericaNASA



Four Components

modified from M. Ramsey-Musolf

EDM searches:

BSM CPV, Origin of Matter

0νββ decay searches:

Nature of neutrino, Lepton
number violation, Origin of
Matter

Charged leptons:

SM Precision Tests, BSM
“diagnostic” probes

Other studies:

Weak decays, mν , “dark
photons”, non-Newtonian
gravity, theory…



Major Accomplishments since 2007
• Results on 136Xe τ2νββ and τ0νββ : EXO, KamLAND-Zen

• Determination of θ13 : Daya Bay, RENO, Double Chooz

• Establishment of Sanford Underground Research Facility

• Improved understanding of θ12 and ∆m122 and solar neutrinos: 
Borexino, SNO, KamLAND

• β-asymmetry “Big A” : UCNA @ LANL

• Completion and first result of QWeak: JLab

• New determination of τμ, gp  : MuLan, MuCap @ PSI

• T-violation limit in neutron beta decay: emiT

• Muon Michel parameters: TWIST @ TRIUMF

• Results from MiniBooNE

• Many advances in theory: DBD matrix elements, loop corrections...
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EDM Searches

Zheng-Tian Lu 

EDM violates T  ➝  violates CP
New sources of CP ➝ BAU

Experiments are largely the same:  
• Precess spin in B field with parallel and anti-parallel E 
• Measure the frequency difference

nEDM @ SNS199Hg @ Seattle

Text

Griffith et al (2009)
• R&D in progress
• Construction after with 4 – 5 year timeline 
• NSAC neutron subcommittee report 11/2011:

• Motivation remains strong
• Sensitivity remains compelling
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Neutrinoless Double Beta Decays
• Lepton number violation: ΔL=2
• Probe neutrino mass hierarchy
• The only known practical technique to determine 
whether neutrinos are Majorana particlesDeep Science

EXO-200

CUORE
Majorana 
Demonstrator

• Short-term to medium term: 
Demonstrate technologies for next 
generation large-scale experiment

�0⌫ |M0⌫ |2 |hmeei|2Decay rate per unit mass:

HR (2012) 
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Underground Laboratory

• Recommendation from LRP 2007. 

• Sanford Underground Research Facility (SURF) is a 
new asset for the scientific community:

• Attracted $75M in private funding
• Hosting Majorana Demonstrator (NP), LUX (HEP), 
and experiments from other fields

• Other facilities are also playing important roles in the 
field.

We do! - Hamish Robertson 2012
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Charged Leptons

Proposed 
Precision 

Parity-violating e- scattering 

MOLLER
SOLID

Muons

QWeak

• Higgs mass resolves sin2θW tension
• Next generation PVES sensitive to new 
physics, given firm SM predictions

• New muon campus facility @ FNAL
• Next generation g-2 and mu2e approved 

Erler, arXiv:1209.3324
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Other studies
Example: Neutrons

 Future: 
• 𝜏n from cold neutron 
beam

• Nab (2015 and beyond) :
• 𝚫a/a ~ 10-3

• b ~ 3 x 10-3 

NIST beam method 

Nab



Community Inputs
May 15 NSAC Subcommittee meeting #1

June-July Ad hoc working group formed

August 10-11 Working group meeting in Chicago

September 6-9 NSAC Subcommittee meeting #2 to hear 
presentations given by community members

October 25, 26 Town meetings at DNP meeting

Nov 29-Dec 2 NSAC Subcommittee meeting #3

Previous FS&N talks posted at http://www.phy.ornl.gov/funsym/
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Summary: This field is...
• Discovery-oriented

• Diverse, vibrant and active

• Directing larger investments to efforts with 
significant potential payoff:

• 0𝞶𝞫𝞫

• nEDM

• Underground lab

• MOLLER

• Equipment request for g-2

• Incompletely summarized. We omitted a number of 
proposed and operating experiments.
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